Cryptic colouration can be adjusted to the local environment by physiological (rapid) change, and/or by morphological (slow) change. The threat-sensitivity hypothesis predicts that the degree of crypsis should respond to the risk of predation (assuming some cost to crypsis). This has not been studied for morphological colour changers, so we manipulated the colour of the rearing substrate (black vs. white) and the perceived risk of predation (higher vs. lower) for the grasshopper Sphingonotus azurescens. Over a period of several weeks, both nymphs and adults greatly adjusted the brightness of their body towards that of the substrate. Moreover, when individuals were exposed to a greater simulated predation risk (disturbance by hand), they became even more similar in brightness to their substrates, apparently augmenting their degree of crypsis. This study on a morphological colour changer shows that the degree of cryptic colouration (body brightness) is under individual control and appears to change adaptively in response to increased predation risk. In addition, based on analyses of systematic differences in colour in lab-reared offspring, we found indications that even in colour changers there is genetic variation in colouration among individuals, and that populations have diverged adaptively. Such integration of factors determining the cryptic phenotype improves our understanding of the natural selection and constraints imposed on crypsis, which influence both its optimization and evolution.
INTRODUCTION
Crypsis (the ability to avoid detection when potentially perceivable by an observer) is an obvious example of adaptation, widely known and easily recognized even by the general public. For visual concealment, it does not just depend on individual characteristics: the level of crypsis is an interaction between the colouration of an individual and that of the environment (e.g. Manríquez et al. 2009 ). Hence, when environments are variable in space or time, a single phenotype may not be cryptic everywhere or always. Therefore organisms may have been selected for responsiveness to such environmental variation. Indeed, in several species changes in cryptic colouration within individuals are observed (Stevens and Merilaita 2009; Stuart-Fox and Moussalli 2009; Umbers et al. 2014) .
This ability to change colour is often divided into 2 kinds, physiological and morphological colour change (Stuart-Fox and Moussalli 2009; Umbers et al. 2014) . Physiological colour change such as in chameleons and cephalopods occurs by movement (dispersion or concentration) of pigments within the skin, taking place over a time scale of milliseconds up to hours. As such, it can be highly dynamic and responsive to changes in the environment, and indeed has been recorded to respond to environmental factors relevant for crypsis, like background colouration (e.g. Ramachandran et al. 1996; Manríquez et al. 2009 ). In contrast, morphological colour change occurs by changes in the number and proportion of pigment-containing cells and the amount and quality of pigments deposited in them, and normally takes place over a time scale of days to months (Stuart-Fox and Moussalli 2009; Umbers et al. 2014) .
Almost without exception, studies of slow colour change have focused on the ability and benefits of organisms to adapt to the colour of the environment alone (Umbers et al. 2014) . However, for any anti-predation trait in general, the threat-sensitivity hypothesis (Helfman 1989) states that if there are costs to an anti-predation trait (e.g. production costs, or interference with other functions), the expression of the anti-predation trait should be adjusted to the predation risk. There are a few examples of rapid (physiological) colour changers becoming more cryptic in the presence of predators (Hemmi et al. 2006; Stuart-Fox, Moussalli and Whiting 2008; Stuart-Fox and Moussalli 2009) . However, other studies could not fully confirm such an effect (e.g. Garcia and Sih 2003; Garcia et al. 2009; Segev 2009 ). Moreover, there are no such examples for morphological or slow physiological colour changers.
The grasshopper Sphingonotus azurescens is a member of the subfamily Oedipodinae. The species is found on soils of sand or clay with a variable degree of stones in a Mediterranean climate (hot summers; Husemann et al. 2013) . When active (only during warm and sunny days), it is almost exclusively found on sparsely or unvegetated soils, and it does not climb or perch on (vertical) plants. In the wild, populations typically match the colour of the substrate on which they are found, e.g. individuals on a reddish-brown clay soil are also reddish-brown and individuals on white sand are very pale grey (Vosseler 1903; Eisentraut 1927) . This strong colour matching may be necessary because individuals mainly are born in May but reproduce in September, so high daily survival rates might be required. Predators on nymphs and adults range from ants, wasps and jumping spiders (P. Edelaar, personal observations) to lizards, mammals and birds, the majority of which are (at least partly) visual hunters.
The typical match between the colour of grasshoppers and the soil on which they are found could be explained by natural selection favouring more cryptic genotypes (classical local adaptation, assuming colour is heritable), or because individuals preferentially disperse to and settle on soils on which they are more cryptic given their own colour (matching habitat choice: Edelaar et al. 2008; Edelaar and Bolnick 2012) . However, it has also been experimentally confirmed that several species of the Oedipodinae are able to change colour during their development to match that of the whitish-yellow, reddish-brown or bluish-grey soils on which they live, a form of phenotypic plasticity called homochromy (reviewed by Rowell 1971) . Homochromy is typically thought to reduce the risk of predation (Rowell 1971; Hochkirch et al. 2008; Pener and Simpson 2009; see also Discussion) . This is a slow, morphological colour change that occurs when the nymph moults into the next stage or into the final adult stage (Rowell 1971 ). In our species there are 6 nymphal stages which each take about 1 week, and adaptive colour change seems most pronounced in the last 3 stages. As is the case in some other grasshopper species (Tanaka 2000) , adults can become darker as well even though they cannot moult anymore, but this is a slow process taking several weeks or even months (P. Edelaar, unpublished data). In addition, adults are larger and can fly, and live for several months, so compared to nymphs they are exposed to much more spatial and/or temporal environmental variability.
In view of these considerations, we test here for this morphological colour changer whether its colouration is influenced by the risk of predation, and we do so both for nymphs and adults. Additionally, we test if average colouration and plasticity in colouration are heritable, such that they can evolve through selection. To test for signatures of selection, we compare the colouration and plasticity of 3 populations from the wild.
MATERIAL AND METHODS

Experimental design
The design is summarized in Figure 1 . We caught adult grasshoppers at 3 locations in the south of Spain (province of Seville). These 3 locations have different soil characteristics: population 1 is intermediate in soil brightness (pale clay mixed with pale and dark stones), population 2 has the brightest soil (only pale clay), and population 3 has the darkest soil (mostly a dense cover of relatively dark stones). Each sample was placed in its own communal breeding box in the laboratory where individuals freely mated and laid clutches of eggs. Subsequently all clutches were collected and stored individually. Hence, nymphs originating from each clutch can be assigned to one of the 3 field locations and are known to share at least the same mother and possibly the same father, but we do not know their parents individually. After hatching, we reared the nymphs of a given clutch in a single transparent plastic box (Fauna Box, 11.7 × 17.8 cm floor surface) under identical conditions. Briefly, water was obtained by chewing a moist cotton plug closing a plastic laboratory test tube filled with mineral water that was placed upside down. As the species is an omnivore, "ad libitum" food was a mixture of dried wheat bran (45%), dried mosquito larvae (45%), and infant formula milk powder (10%). Heat was provided from below the boxes by electric terrarium heating mats, resulting in cage temperatures between 35 and 40 °C. Light was provided by normal office fluorescent ceiling tubes.
To trigger environmental effects in the development of colour, after reaching the third nymphal stage we moved nymphs to differently coloured rearing boxes (Figure 1 ). We did not move younger stages because these seem to have little plasticity and are too sensitive to the handling. Boxes were either painted black or white on the inside, and as part of another investigation half of the boxes had a layer of small stones of the same colour as the paint on the bottom. We moved 10 nymphs per family to 32 experimental rearing boxes (n = 32 families, n = 320 individuals). We divided the 10 nymphs of the same clutch equally over a white and a black box to distinguish between consistent clutch (potentially genetic) effects and Etc.
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Figure 1 Overview of the experimental design. Grasshoppers from 3 different populations produced clutches in captivity. Nymphs from each clutch were split over 2 distinct environments: a black box or a white box. Each box received nymphs from 2 different clutches. Half of the boxes was exposed to a disturbance treatment (D), or acted as a control with no additional disturbance (ND): this treatment was balanced for white vs. black boxes, but necessarily unbalanced for clutch identity.
induced environmental (box colour) effects on the resulting colour of grasshoppers (Figure 1 ). At the same time, to better control for box effects, each box received 5 nymphs from 2 different clutches (marked by clipping the distal part of the left or right tarsus of the second leg, which is normally not recovered in subsequent moults; Hagler and Jackson 2001) . Using clutches from parents collected at 3 different field sites (populations) allowed us to test for an effect of population identity on colour, assumed to reflect population genetic differentiation. Families and populations may also differ in plasticity, i.e. may respond stronger or weaker to the manipulation of environmental colour. Since we divided the nymphs of all clutches over black and white boxes, genetic variation in plasticity in response to box colour among families and populations could therefore also be tested. Finally, to simulate a higher risk of predation, in half of the boxes of each colour (Figure 1 ) all grasshoppers were intentionally disturbed twice per day by flushing and (if necessary) touching all individuals until they responded with the typical jumping escape behaviour. Generally the disturbance only had to be applied just for a few seconds, and during the course of the experiment it became easier to disturb treated individuals: just scratching the roof of the cage resulted in vigorous and repeated jumping until the scratching stopped. The same happened when changing food and water, whereas individuals in the control treatment were much calmer: this confirms that the individuals in some way responded to the treatment. (In a subsequent experiment we also found that individuals prefer the habitat in which they are not disturbed; Edelaar et al. unpublished data) . This disturbance treatment was maintained until all individuals had reached the adult stage (on average after 44.3 days for the white boxes and 45.1 days for the black boxes, with less than 0.1 day difference between disturbance treatments). Even though only about 43% of the individuals reached the adult stage (mostly due to failed moulting and cannibalism), this proportion was identical for the 2 disturbance treatments.
Data collection
To measure the colour of individuals we took digital photographs of last stage nymphs and first-week adult grasshoppers (approximately 10 days between these measures). These images were taken with a Pentax K-r camera mounted on a tripod at a constant height with a Pentax 18-55mm zoom lens and a dual flash with diffusers, using fixed camera settings (55-mm zoom, f = 14, shutter speed = 1/50, ISO = 200), fixed flash settings, and a constant ambient lighting. Following Hochkirch et al. (2008) , individuals were immobilized by pressing them down with a clean and transparent plastic lid into a Petri dish filled with cotton wool, such that the dorsal part of their pronotum was parallel to the front of the camera lens (i.e. "flat"). Petri dishes were placed on a white sheet of paper on which we wrote identifying information which was included in the image (Figure 2 ).
To quantify grasshopper colouration, we defined a diamondshaped polygon representative for the global body colour in the metazone of the pronotum (Figure 2 ). Since the grasshoppers were reared in white and black boxes, we measured their brightness as the percentage of reflectance (based on the grey layer). To do this we extracted the RGB values of the images using the software ImageJ (Schneider et al. 2012 ). Next, we followed Stevens et al. (2007) on how to linearize these RGB values (i.e. how to correct for camera-specific spectral sensitivities). We obtained images of a set of reflectance standards (an X-rite ColorChecker Passport) taken with the same camera and settings, and determined a calibration curve for the camera response to changes in light intensity. This was used to derive a linearization equation, which we applied to linearize our original RGB values. We also determined the ratio between the camera's response in the R, G, and B channels with respect to the reflectance standards, and equalized the response of the different colour channels. In spite of the constant environmental lighting and fixed camera and flash settings, we detected variation in lighting across pictures. We corrected for this in our data values by including the brightness value of a grey standard in each picture. For this we used the white background paper as a 82.87% reflectance standard (which was found to be consistent in its reflectance values, without fluorescence and with a flat reflectance spectrum across all measured wavelengths, as checked with a spectrophotometer Konica-Minolta CM-2600d).
Data analysis
We omitted a very small percentage of individuals for which we did not know their exact clutch identity (due to loss of the opposite tarsus as well). Since we could not apply individual marks to nymphs and therefore did not track individuals from nymph to adult stage, nymphs (n = 177) and adults (n = 138) are analysed separately to avoid pseudo-replication (i.e. including the same individual multiple times without correcting for this).
As we are interested in testing how closely the grasshoppers resembled their environments, we used as dependent variable the difference in brightness between each grasshopper and its box (Figure 3) . None of the grasshoppers was as dark as the black boxes, or as pale as the white boxes. We therefore simply calculated the absolute difference with an arbitrary high brightness value (70) if reared in a white box or low brightness value (10) if reared in black box, such that the differences between grasshopper and rearing background were roughly comparable between colour treatments (convenient for graphical reasons; Figure 3) . Example of an image to measure grasshopper brightness. The individual was held in place by the transparent lid of the Petri dish to obtain a correct position. Brightness was measured in the red diamond-shaped part of the thorax. The brightness of a small area of the white background paper was also measured (red circle) as a reference grey standard to correct for variation among images in lighting conditions. As this individual was reared in a white box to which we assigned a fixed brightness value of 70, its brightness difference would be 25.74.
We modelled these brightness differences with linear mixed models using R software (R Core Team 2015) and the package "lme4" (Bates et al. 2015) . Fixed effects were fitted for disturbance (yes/ no), sex (male/female; nymphs were not sexed), and population (3 field locations). Population was fitted as a fixed effect because we have only 3 levels, and because we are interested in each level, also in interactions. Note that these variables test whether individuals of a certain category (e.g. disturbed grasshoppers) are better than individuals of another category (e.g. undisturbed grasshoppers) at approximating the brightness across "both" environments. We furthermore statistically controlled for the effects of box colour (black/ white), for the presence of a layer of stones in the boxes (yes/no), and for potential spatial effects of location of the boxes (expressed as rank order on the shelves). We also fitted the biologically more interesting or likely interactions: box colour*disturbance, box colour*sex, box colour*population, and sex*disturbance. We did not fit all possible interactions to avoid increasing type 1 error and obtaining spurious results. Finally, we included family (clutch ID) as a random (hierarchical) design variable since we measured several related individuals of the same clutch and therefore need to correct for their likely non-independence. As we had several images of the same individual (adult data set only), we included individual as a random variable as well.
To test in more detail for potential genetic effects on grasshopper colouration in the presence of variation in the environment, we modelled the brightness (not the difference in brightness as above) of all individuals as a function of the same variables as mentioned above. An effect of population (fixed effect) indicates consistent differences in brightness between populations (different intercepts), while the interaction population*box colour indicates variation in the degree of plasticity between populations (different slopes in the response to box colour). Similarly, an effect of clutch when fitted as a random intercept indicates consistent differences among clutches in brightness, while an effect of the random slopes of clutches indicates variation in plasticity among clutches (i.e. different slopes in the response to box colour).
To evaluate statistical support for a certain effect we used the Akaike Information Criterion (AIC), where a lower AIC value for a given model indicates greater statistical support for it (Burnham and Anderson 2002) . To determine support for a focal interaction we compared the full model with the model without the focal interaction. To determine support for a focal main effect, we first removed all interactions it was involved in and then compared this model with the model without the focal main effect (since interactions should not be left in a model without its main effects, and since removing a main effect together with its interactions at the same time gives inconclusive results with respect to which effect one is really testing). Similarly and for comparison, we also obtained P values by doing the same model comparisons using a log-likelihood ratio test. Following Bolker et al. (2009) , to evaluate fixed effects we used maximum likelihood to fit the mixed models, whereas for random effects we used restricted maximum likelihood.
RESULTS
The grasshoppers strongly adjusted their colouration to that of the environment: grasshoppers in white boxes were much paler than those in black boxes (Figure 4) . To put the observed differences into context, the difference between nymphs reared in black versus white boxes was 15.6 points on the 100-point brightness scale from pure black to pure white, and adults differed somewhat less at 10.0 points between these colour treatments.
There was good statistical support for an effect of disturbance on the brightness difference (Table 1) : grasshoppers exposed to disturbance were more similar to the environment ( Figure 5 ). In other words, compared to the control treatment, disturbed grasshoppers in white boxes became even paler whereas those in black boxes Figure 4 A grasshopper nymph reared on a white background (left images) is less conspicuous on this white background (top background) whereas a nymph reared on a black background (right images) is less conspicuous on a black background (bottom background). (Image of each nymph pasted on top of either background). Note that they are never as pale or as dark as the respective backgrounds on which they were reared, such that the plasticity response remains imperfect. Converting brightness measures into absolute differences in brightness. The brightness of each individual (# 1-8) was contrasted with the fixed brightness level of its environment, depending on the colour of box it was reared in (70 for white boxes, 10 for black boxes).
became even darker. This was true both in nymphs and in adults (Table 1, Figure 5 ). There was little support for differences between the sexes or populations in brightness difference, indicating that across environments these are equally similar to their environment (Table 1) . However, in adults there was good support for an interaction between box colour and population: specifically, individuals from Population 2 (originating from the brightest soil) are a bit paler and therefore were more similar to the environment in the white treatment, whereas individuals from Population 3 (originating from the darkest soil) are a bit darker and therefore were more similar to the environment in the black treatment (Table 1 ). In adults there was also good support for an interaction between box colour and sex: females are a bit brighter so were more similar to the environment in the white treatment, whereas males are a bit darker so were more similar to the environment in the black treatment (Table 1) . There was also strong support for an effect of box colour in adults: this effect simply depends on our specific (yet subjective) choice of reference brightness of the black and whites boxes (Figure 3 ) to plot the brightness difference of Figure 5 , but was included in Table 1 for completeness.
We also obtained some evidence for heritable effects on brightness. In nymphs there was a well-supported family effect (change in AIC = −3.2, P = 0.0428), although this effect is quite modest in comparison with the strong effect of box colour ( Figure 6 ). As already indicated in the results above, in adults an effect of population of origin was strongly supported (change in AIC = −7.4, P = 0.003), with parents of Population 2 (originating from the brightest soil) producing paler adult offspring and parents of Grasshopper families differ consistently in their colouration (brightness) as nymph across environments. Lines depict the differences in average brightness among families (N = 32) whose members are exposed to either a black (reference value here) or a white coloured rearing box, as estimated by a mixed model random intercept effect. Slopes are drawn parallel in view of the lack of support for variation among families in slopes (see text).
Population 3 (originating from the darkest soil) producing darker adult offspring. We found virtually no support for heritable differences in plasticity in nymphs or adults, neither at the family nor at the population level (all P values >0.54).
DISCUSSION
Interpretation of results
Our main result is that grasshoppers exposed to a greater simulated risk of predation (disturbance by hand) show a greater similarity between their own brightness and that of the environment, and hence appear to be more cryptic (Table 1, Figure 5 ). An effect of risk of predation on change in cryptic colouration has been little studied and has met with mixed results. As far as we know, this is the first time that such threat-sensitivity has been shown by experimental manipulation in a morphological colour changer. However, before discussing the implications of this result, other potential explanations for the variation in colouration among our grasshoppers need to be evaluated. Two other main explanations for animal colouration are thermoregulation, and signalling. Grasshoppers can indeed obtain a greater heating from environmental radiation if they are darker (e.g. Forsman et al. 2002; Ahnesjö and Forsman 2006) . However, if the brightness of grasshoppers changed in our experiment in response to variation in environmental temperature, we would expect them to be darker on the paler (colder) substrate, while we observed the reverse. In addition, we cannot conceive how additional disturbance could have an interactive effect on thermoregulation, with individuals on pale substrates getting even paler and individual on dark substrates getting even darker, so we discard this alternative explanation. With respect to signalling, sexual dimorphism in colouration is also very restricted in this species (the dimorphism in brightness we observed here is very minor) and males and females responded similarly to the disturbance treatment. In addition, we again cannot conceive why individuals would change their colours so that they are more similar to their environment (instead of more distinctive), and even more so when disturbance is higher, if these effects would be due to a signalling function of colouration only.
Finally, disturbance may have had an effect on colouration that has nothing to do with the perception of predation risk. For example, mechanical stimulation is used in the lab to simulate population density in the grasshopper Schistocerca gregaria, which can cause the development of a dark, gregarious morph (Pener and Simpson 2009) . However, in our experiment 1) we did not find much support that disturbance decreases overall brightness (no interaction between disturbance and box colour on brightness difference), 2) this effect cannot explain the observed effect of disturbance on overall brightness similarity (i.e. both for pale and dark backgrounds), and 3) we did not obtain statistical support for an effect of population density on nymphal or adult colouration (results not shown, even though final density after developmental mortality ranged from 1 to 10 individuals per box). Similar arguments are valid for other interpretations of what the effect of the manual disturbance might have been, such as reduced energy available for pigment production or some other generalized stress response. In none of these cases would we predict that grasshoppers in black environments produce "more" pigment when exposed to disturbance, while grasshoppers in white environments produce "less" pigment when disturbed. These considerations lead us to the most parsimonious conclusions that 1) the grasshoppers change their brightness during development in order to reduce their difference with the brightness of the environmental background, and that 2) they change it towards an even smaller difference when the risk of predation is greater. In other words, we interpret our results to mean that individuals generally try to be cryptically coloured, but even more so when the risk of predation is higher.
Whether the observed adjustments in brightness of the grasshoppers truly provide any protection against predation due to crypsis remains to be formally tested. The degree of relative crypsis can be measured directly in experimental predation trials. Alternatively, an indirect assessment of crypsis can be done via a comparison of prey and background colouration in the predator´s visual space (Théry and Gomez 2010) . However, grasshoppers are exposed to a range of vertebrate and invertebrate visual predators (e.g. spiders, wasps, lizards, birds) with very different visual systems, and of unknown numerical importance for mortality in wild populations. Hence, obtaining an inclusive numerical assessment of crypsis is very challenging (and probably therefore hardly ever done). Nonetheless, given the seemingly clear differences in how individuals stand out against one versus the other background (Figure 4 ), we do believe that it is reasonable to assume that the observed reduced difference in brightness between grasshopper and background would overall result in a lower detection and predation risk (due to greater crypsis), as many potential grasshopper predators are visual hunters. We therefore interpret our results to indicate that grasshoppers influence the development of their colouration to become more cryptic, and especially so when the risk of predation is greater.
Implications of greater crypsis under risk of predation
As far as we know, this is the first time that an effect of predation risk on cryptic colouration has been found by experimental manipulation in a morphological colour changer. This has some interesting implications. First, it suggests that apart from the temporal scale and physiological mechanism by which their colours change, morphological and physiological colour changers in general might both respond adaptively to relative predation risk (but more studies on morphological colour changers are needed for this). Second, it fits the classical interpretation (Rowell 1971 ) that the homochrome response of grasshopper colour to the colour of the environment functions to enhance crypsis, instead of e.g. intraspecific signalling or thermoregulation. Third, it suggests that individuals do not always aim for maximal crypsis in the current environment, and may opt for a more intermediate and less cryptic phenotype when the risk of predation is lower. Since crypsis generally is expected to provide benefits in terms of greater survival probability, this result implies that there must also be costs to crypsis. This observation is in line with the threat-sensitivity hypothesis (Helfman 1989) , which states that anti-predation behaviour should be adjusted to the risk of predation when anti-predation behaviour comes with a cost.
Such costs might include costs related to production (True 2003; Kemp and Rutowski 2007; Wittkopp and Beldade 2009; Nijhout 2010; Bergstrom et al. 2012; Rodgers et al. 2013; Ethier et al. 2015; Galván et al. 2015) , interference with other functions of colouration (Civantos et al. 2004; Ahnesjö and Forsman 2006; Stevens and Merilaita 2009; Stuart-Fox and Moussalli 2009; Karpestam et al. 2011; Kronstadt et al. 2013 ), or interference with future crypsis as the environment changes or because the individual moves between environments (e.g. Sorensen and Lindberg 1991) .
Change in environmental conditions in space or time are known to select for the evolution of a more intermediate, generalist phenotype which might still be moderately cryptic in any environment (Merilaita et al. 1999; Houston et al. 2007; Nilsson and Ripa 2010) . This could be an explanation for the reduced response to the environmental colour manipulation seen in adults (56% greater in nymphs than in adults), as adults are more likely to encounter temporal or spatial variation in environments (in view of their greater life span and mobility) and are less plastic than nymphs (Rowell 1971; P. Edelaar, unpublished data) . Nonetheless, the response to the disturbance treatment seems to be greater in adults than in nymphs, so the results are equivocal in this respect. In general, the various costs of cryptic colouration and their implications have been little studied and deserve more attention.
Environmental versus genetic effects on crypsis
Studies decomposing environmental and genetic contributions to crypsis are relatively scarce, as most focus on only one of these components (but see e.g. Wente and Phillips 2003; Karlsson et al. 2009; Bergstrom et al. 2012) . Despite a great degree of plasticity in colouration, we also found evidence for heritable contributions to colouration. We found that members of the same clutch were more similar in colouration than random individuals ( Figure 6 ). While non-genetic maternal effects cannot be excluded by our design, this result suggests that the females we used to produce the clutches held genetic variation for colouration which is expressed in their offspring, independently of the specific rearing environment (Figure 6 ). If so, natural selection (selective predation) may act on this genetic variation, favouring individuals that are locally more cryptic. Indeed, we also found some support that offspring produced by parents from different populations differed consistently and thus likely genetically in average colouration (a similar result was also obtained when comparing additional populations from reddish brown and dark grey soils, Edelaar et al. unpublished results) . Further confidence that this population differentiation is due to selection on genetic variation comes from the observation that the population with the palest soil type (Population 2) produced consistently paler individuals in the laboratory environments, while the population with the darkest soil type (Population 3) produced consistently darker individuals, i.e. favouring crypsis. Hence, we conclude that the local adaptation in cryptic colouration seen in field populations is not only due to homochromy (plasticity) as is typically assumed but also partly due to genetic differentiation.
We found no support for heritable differences in plasticity among individual females or among populations. This could be an issue of lack of statistical power (with finite sample sizes, slopes have more stochastic variation then intercepts), but it may also have an unknown biological explanation.
CONCLUSION
While studies on physiological (rapid) colour changing organisms have provided detailed insights into our understanding of crypsis (Stevens and Merilaita 2009; Stuart-Fox and Moussalli 2009) , both from proximate and ultimate perspectives, much less detail has been obtained using morphological (slow) colour changers. This study on a morphological colour changer shows that the degree of crypsis is under individual control and appears to depend on relative costs and benefits of crypsis under different circumstances, such as the colour of the environment and the risk of predation. In addition, genetic effects also seem to contribute to cryptic colouration. Such integration of factors determining the cryptic phenotype improves our understanding of the natural selection and constraints imposed on crypsis, which both influence its optimization and evolution (Stevens and Merilaita 2009; Stuart-Fox and Moussalli 2009 
